Inhibitors of DNA binding/inhibitors of differentiation (Id) protein family have been shown to be involved in carcinogenesis. However, the roles of Id during lung adenocarcinoma (ADC) progression remain unclear. Eighty-eight ADC samples were evaluated for Id-1,2,3 level and angiogenesis (CD 34 and VEGF microvessel density) by immunohistochemistry and morphometry. The impact of these markers was tested on follow-up until death or recurrence. A significant difference between tumor and normal tissue was found for Id-1,2,3 expression (P < 0.01). In addition, high levels of nuclear Id-1 were associated with higher angiogenesis in the tumor stroma (P < 0.01). Equally significant was the association between patients in T 1 -stage and low cytoplasmic Id-2, as well as patients in stage-IIb and low Id-3. High cytoplasm Id-3 expression was also directly associated to lymph nodes metastasis (P ¼ 0.05). Patients at stages I to III, with low Id-1 and Id-3 cytoplasm histoscores showed significant long metastasis-free survival time than those with high Id-1 or Id-3 expression (P ¼ 0.04). Furthermore, high MVD-CD34 and MVD-VEGF expression were associated with short recurrence-free survival compared to low MVD-CD34 and MVD-VEGF expressions (P ¼ 0.04). Cox model analyses controlled for age, lymph node metastasis, and adjuvant treatments showed that nuclear Id-1, cytoplasmic Id-3, and MVD-CD34 were significantly associated with survival time. Median score for nuclear Id-1 and cytoplasmic Id-3 divided patients in two groups, being that those with increased Id-1 and Id-3 presented higher risk of death. Ids showed an independent prognostic value in patients with lung ADC, regardless of disease stage. Id-1 and Id-3 should be considered new target candidates in the development of personalized therapy in lung ADC.
Introduction
A small number of patients with lung adenocarcinoma (ADC) have tumors appropriately localized to be considered treatable by surgical resection, and among those whose tumors are successfully resected, approximately 30-45% survive five years. [1] [2] [3] Evidently some ADC have developed occult spread beyond the lung even when they appear to have been completely removed. If we could identify those tumors destined to recur, we could personalize the treatment with molecular targeted drugs and perhaps eradicate any residual tumor. Thus, there is of great interest to identify which tumors are likely to recur and shorten patient's survival, 4, 5 and for the personalized treatment to be effective, we must identify precociously these tumors.
In this regard, our group has studied molecular or other markers in the primary and tumor stroma which could be related to tumor recurrence and shortened survival. [6] [7] [8] Because of cell cycle regulation and angiogenesis have been thought to be important in tumor recurrence, invasion and metastasis, 9, 10 a group of inhibitor of DNA binding (Id) proteins have been targeted as potentially tumor markers. [11] [12] [13] [14] [15] Inhibitor of DNA binding (Id) proteins are members of a family of basic helix-loop-helix (bHLH) transcription factors lacking the DNA-binding domain. 16 Id acts as dominant-negative regulators of bHLH proteins by forming transcriptionally inactive Id-bHLH protein complexes. 16 Different from other bHLH transcription factors, they lack the DNA-binding domain. Required expression of Id genes in a variety of cell types promotes proliferation 16 and, under appropriate physiological conditions, also drives apoptosis. 17 In addition, Id function is required for the G1 to S-phase transition of the cell cycle. 18 In common with several other positive regulators of G1 to S-phase transition, Id genes function as cooperating oncogenes in the immortalization of primary cells 17 and also induce disordered cell growth in fibroblast and epithelial cell lines. 19 More recent data have shown that Id function is required for vascularization and invasiveness of tumor growth in vivo . 20 Id proteins have been shown to be deregulated in many different cancer types and have been implicated in different steps in tumorgenesis, differentiation, and metastasis. [21] [22] [23] Id protein family consists of four members namely Id-1 to Id-4. 24, 25 Although they belong to the same family, their localization in chromosomes, pattern of expression and function have marked differences. 26 For example, expressions of Id-1, Id-2, and Id-3 are increased in colorectal ADC specimens when compared to normal tissues, 27 whereas Id-4 when hypermethylated shows decreased expression and is associated with poor prognosis in colorectal ADC. 28 Id-1 is a prognostic marker of cervical carcinoma, and when greatly expressed, is associated with poor prognosis. 15 Id-1, Id-2, and Id-3 also participate in early stages of hepatocarcinogenesis, but not in progression; reduced expression of Id-1 is also associated with better prognosis in hepatocellular carcinoma. 29 Id-1 when over-expressed in gastric cancers correlated with tumor progression, 13 while Id-4 is hypermethylated, and frequently reduced. 30 Id-1 and Id-3 are crucial to metastasis of gastric cancer, since their metastatic potential are significantly decreased in Id-1 and -3 double-knock down cells. 31 Up-regulation of Id-1 and Id-2 have also been reported in pancreatic cancer and could be early markers of malignant transformation. 32 Because of these multiple functions, Id-1 has been related to prognosis of other cancers, such as prostate, 11 , breast, 12 gastric, 13 esophageal, 14 uterine cervical cancers, 15 and lung. 33, 34 Vascular endothelial growth factor (VEGF) is one of the key mediators of angiogenesis, a step considered essential for tumor growth and metastasis. Its overexpression is associated with poor prognosis in various tumors types, 35 among them, lung carcinomas. It is also known that Id-1 plays an important role in angiogenesis. There are several studies demonstrating the association between VEGF, microvessel density (MVD), and Id-1 expression in angiogenesis and so, on tumor progression and metastases. 15, 36 In the above studies, staining for Ids and angiogenesis has also been significantly associated with survival, but there has been uncertainty about its relationship with ADC histological type and what is the best way to report the staining results for Ids. More important, to our knowledge, Id-1 to Id-3 have never been evaluated in the tissue from lung ADC patients. To date, only data regarding to Id-1 expression in non-small cell cancer and small cell cancer have been reported. 33, 34, 37, 38 To demonstrate the importance of tumor Ids and angiogenesis and to explore the quantitative relationship between these proteins with patients' outcome, we focused our study on Id-1 to Id-3 expression in 88 cases of localized ADC of the lung.
Patients and methods

Patients
Formalin-fixed paraffin-embedded (FFPE) specimens were retrospectively obtained from 88 patients with stage I-IIIb ADCs who underwent curative surgical resection at Clinical Hospital of University of Sao Paulo, between 2003 and 2011. Tumor pathological stages were determined according to the TNM classification of the American Joint Committee on Cancer, 7th edition. 39 Their preoperative clinical stages were T1-4N0-2M0 and the mean follow-up was 27 months. No patient received adjuvant chemotherapy at diagnosis. Patients in stages II to III were treated with surgery followed by chemotherapy, whereas patients showing N2 disease were considered for postoperative radiation therapy, according to pathologic findings within the tumor sample resected. Relevant clinical information were extracted from medical records and are summarized in Table 1 .
The study was approved by the local Ethics Committee.
Immunohistochemistry
To avoid artifacts due to a poorly selective antibodies, serial slide sections from FFPE tissues were paraffin coated and cold stored at 4 C during a median time period from 2003 to 2011. We also validated the specificity of the antibodies through Western blots of tissue extracts that contain the Id1-3 protein. Sections (4 mm) of FFPE tissue samples from Values represent the median (minimum and maximum).
pulmonary ADC were dried overnight at 37 C on a silanized-slide (Dako, Carpinteria, CA). The protocol of universal Dako-Labelled Streptavidin-Biotin kit (Dako) was followed for each sample. Samples were deparaffinized in xylene at room temperature for 30 min, rehydrated with graded ethanol, and washed in phosphate-buffered saline (PBS). The samples were then placed in 10 mmol/L citrate buffer (pH 6.0) and boiled in a microwave for 10 min for epitope retrieval. Endogenous peroxidase activity was quenched by incubating tissue sections in 3% H 2 O 2 for 10 min. Primary rabbit antibodies for Id-1, Id-2, and Id-3 (Santa Cruz Biotechnology Inc., Santa Cruz, CA), mouse CD34 (Dako, Glostrup, Denmark), and rabbit anti-VEGFrelated antigen (Zymed, San Francisco, CA) were used overnight at 4 C at dilutions of 1:50, 1:100, 1:100, 1:500, and 1:200, respectively. The slides were washed and biotinylated with the secondary antibody (Dako) for 30 min; streptavidin-conjugated horseradish peroxidase (Dako) was added on slides for 30 min. Then, the slides were washed and treated with the chromogen 3,3 0 -diaminobenzidine (Dako) for 5 min, rinsed in PBS, and counterstained with Mayer's hematoxylin, dehydrated in graded ethanol, cleared in xylene and cover-slipped with a mounting medium, Entellan New (Merck, Darmstadt, Germany). For the negative controls, the primary antibodies for Id1-3, CD34, and VEGF were suppressed and the corresponding preimmune animal serums (rabbit, mouse and rabbit, respectively) (Dako) were used instead.
Assessment of immunohistochemical score
Previous staining scores 37, 40, 41 were modified by us considering both the intensity and the number of stained cells. Staining scores were established in a semi-quantitative method by two independent observers who were blinded for patient's clinical data. The evaluation was done in 500 cells per slide. The histological score taken into account the intensity of nuclear and cytoplasmic Ids staining and the number of cells obtained in each staining grade, as follows: 0 (colorless), 1 (diffuse brown), 2 (brown with or without occasional clumps), 3 (brownish unevenly distributed), and 4 (uniform deep brown). A final score, designated Histoscore, was calculated by AE(I 0-4 Â Pi 0-500 ), where I and Pi represent the intensity and number of cells stained at each color intensity, respectively. The cutoff used was 578 and 497, 233 and 578, 72.5 and 590 for nuclear and cytoplasmic expression of Id 1-3, respectively.
Assessment of angiogenesis
Angiogenesis was assessed by MVD with mouse CD34 and rabbit VEGF-related antibodies. Blood vessels clearly stained were taken into account. The MVD-CD34 and MVD-VEGF were quantified by image analysis on tumor stroma by means of the Image Pro-Plus 6.0 software. Tumor stroma was analyzed at a magnification of 200x in 10 fields with the highest vascular density. MVD was determined as the percentage of vessel obtained. The median percentage used as the cut off point was 55% and 24% for MVD-VEGF and MVD-CD-34, respectively.
Statistical analysis
Statistical analyses were done by using SPSS 18.0 software. Student's t-test, chi-square test, and Fisher's exact test were employed to evaluate the relationship between Id 1-3 expression (independent variables), CD34 and VEGF expression with clinicopathologic characteristics (dependent variables) including age, sex, diagnosis, T stage, and N stage. Paired 2-tailed Student's t-tests were used to compare the two variables. To evaluate the prediction of metastasis, univariate and multivariate logistic regression models were conducted. Survival analysis, disease free survival (DFS) and overall survival (OS) were calculated from the date of surgery or treatment beginning until disease recurrence or death. Patients follow-up was calculated from the surgery or treatment beginning until death, loss of follow-up or, the last contact with the patient. To estimate the DFS times of low and high Id1-3 expression groups (the median of the histoscores was selected as a cut off point), we used the Kaplan-Meier analysis. Log rank test was used to compare the survival distribution of the two Id groups. Furthermore, Cox proportional hazards model was used for multivariate analyses of OS. The correlations between Id 1-3 histoscores and MVD were performed through Spearman's coefficient of correlation for descriptive analysis. Differences were considered significant when P was less than 0.05.
Results
Proliferation and inhibition of differentiation in lung cancer are associated with Id1-3 expression and cancer stage
Most patients presented ADC with >3 cm (!T2) and almost half of them had lymph node invasion. The Id1-3 staining was diffuse and heterogeneously located in the cytoplasm and nuclei of cancer cells in different intensity levels ( Figure 1 ). However, it was always negative in tumor stroma ( Figure 1 ). Some tumor cells had nuclear expression of Id1-3 ( Figure 1 ). In addition, Id-2 and Id-3 cytoplasm expression were higher than nuclear (P < 0.01) in tumor cells. No difference was observed between nuclear and cytoplasm Id-1 expression in tumor cells. Table 2 summarizes the morphometric results. We observed a significant difference between tumor and nontumor tissue for nucleus and cytoplasm, indicating a distinct profile of Ids expression. We observed a significant direct correlation between the expression of Id-1 and Id-3 (R ¼ 0.62, P ¼ 0.01). Furthermore, Id-2 and Id-3 tumor cells expression were related to tumor stage group (Table 3 : T1 stage vs. Id-2<578; stage IIb vs. Id-3 <590).
Angiogenesis shows a critical role in Id1-3-staining tumor cells
Id-1, CD34, and VEGF-related antigens were strongly expressed in endothelial cells in tumor stroma ( Figure 2 The multivariate model demonstrated that Id-1 histoscore correlated with MVC-CD34 (R 2 ¼ 0.62; P ¼ 0.02) and MVC-VEGF (R 2 ¼ 0.56; P ¼ 0.003). MVD-CD34 and MVD-VEGF expressions showed strong association with Id-2 cytoplasmic expression (R 2 ¼ 0.53; P < 0.01 and R 2 ¼ 0.24; P ¼ 0.03, respectively). Id-3 cytoplasmic expression showed a trend to be associated with MVD-CD34. Furthermore, 61% of weak Id-2 expression correlated with MVD-VEGF in tumor stroma (P ¼ 0.03). Tumor with overexpression of Id-1,2 showed higher fractions of angiogenesis in the stroma.
We also found that MVD-CD34 and MVD-VEGF tumor staining were correlated to some clinicopathologic features. Significant association was found between stage Ib vs. MVD-CD34 (P < 0.01; Table 3 ).
DFS with Id1-3 expression
ADC patients were divided into two groups based on Id1-3 median histoscores. In the first step, according to Kaplan-Meier analysis, low nuclear Id-1 and cytoplasmic Id-3 histoscores showed significant long metastasis-free survival time than those with high nuclear Id-1 or cytoplasmic Id-3 expression (log rank: 1.28 and 1.61, P ¼ 0.04, respectively). Furthermore, high MVD-CD34 and MVD-VEGF expression were associated with short recurrence-free survival compared to low MVD-CD34 and MVD-VEGF expression (P ¼ 0.04), suggesting these variables are related to prognosis. In fact, Cox model analyses controlled for age, lymph node metastasis, and adjuvant treatments showed that nuclear Id-1, cytoplasmic Id-3, and MVD-CD34 were associated with survival. The median score for nuclear Id-1 and cytoplasmic Id-3 divided patients in two groups with distinctive prognosis: those with Id-1 >65 and Id-3 >590 had a higher risk of death (1.65, 1.28 and 2.56, respectively). Finally, we examined the importance of Id1-3 to survival in just the 80 of our patients who had pathological stage I 
Table 3
The association between clinicopathologic characteristics and Id 1-3 expression and MVD-VEGF and MVD-CD34
Id-1 a practical way to examine the stage I and II patients' outcome. We found that it separated these stage I and II patients into two groups with distinctly different average survival times as illustrated by Kaplan-Meier plots in Figure 3 . The group with <Id-1/Id-3 appears as the top curve, and their median survival time was not reached during our follow-up. Their mean survival time, however, was quite long (52.8 months). By contrast, those with Id-1/ Id-3 (bottom curve) had a median survival time of just 37.6 months after surgery (P < 0.01 by log-rank test).
Discussion
In the present study, for the first time, we explored the quantitative relationship between Id-1 to Id-3 family and prognosis, as well as the relationship between this family and angiogenesis, in ADC of the lung, by examining samples from 88 patients. We scored the sign of Ids family, and assessed quantitatively angiogenesis by density MVD-CD34þ and microvessel endothelial activity MVD-VEGFþ in lung samples. It was found that high Ids H-score and high level of angiogenesis group presented a poor prognosis compared to the low H-score and low level of angiogenesis group. The almost general co-expression of Ids and angiogenesis supports their collaboration in vivo and require further investigation of these markers as a therapeutic target.
In the first part of the study, we compared the levels of Id-1 in 88 normal human lung tissue samples with matched ADC tumor samples by using immunohistochemistry (IHC). As we observed that the majority of tumor cells expressed nuclear Ids, we applied a modified H-score, where the extension of nuclear intensity of staining was scored as percentage of positive cells and the intensity of staining was assessed compared with a known external positive control. Actually, there has been uncertainty about staining for Ids and its relationship with different histological type 33, 34, 37, 38 ) and how best to record staining for Ids. Yang et al. 42 employed a semi-quantitative score in breast carcinoma classified by plus into four groups: þ, 0-10%; þþ, 10-20%; þþþ, 20-30%; þþþþ, 30-40%. The intensity of 'þ, þþ' were labeled as 'low expression', and 'þþþ, þþþþ' were labeled as 'high expression'. The 'hot spot' method was employed by Tsui et al. 43 in evaluation of the staining results of gastric ADC. They graded extent and intensity of cytoplasmic staining by an arbitrary scale ranged from 0 to 3, representing negative (0), weak (1), moderate (2), and strong (3) staining, respectively. They also scored nuclear staining by the percentage of nuclei positively stained in the whole section with at least 200 nuclei counted. McCarty et al. 41 consider both the intensity and the percentage of cells stained in each of five intensity categories: 0 (no staining), 1 (weak staining), 2 (distinct staining), 3 (strong staining), and 4 (very strong staining). Another important matter in these reports that deserve discussion is nearly as many ways to report IHC for Ids and angiogenesis as studies. Some used binary cut points (low and high expression, strong and weak expression) to define a positive or negative tumor. Others have scored in low and high, strong and weak, or expressed the staining in relation to stromal staining or other proteins (see Rothschild et al. 38 ). Yet others have expressed Ids and MVD quantitatively. 15, 36 In the present work, the Ids and MVD median of the score and percentage, respectively, were used as the cut off point. Compared to the literature, our method is fast, of low cost and more objective because removes the subjectivity of the pathologist.
In the current work, we found that Id-2 and Id-3 cytoplasmic expression were significantly higher than nuclear in tumor cells, whereas nuclear Id-1 expression was higher in tumor cells. As we used Santa Cruz polyclonal antibodies against Id proteins, this has been proven to be a limitation when addressing the expression patterns. Actually, the cytoplasmic expression of Id proteins has been extensively criticized since when using specific monoclonal antibodies against Id proteins, the expression is clearly restricted to the nucleus. 44 For that reason, to avoid artifacts due to a poorly selective antibodies, serial slide sections from FFPE tissues were paraffin coated and cold stored at 4 C during a median time period from 2003 to 2011. We also validated the specificity of the antibodies through Western blots of tissue extracts that contain the Id1-3 protein. Nuclear and cytoplasmic sign findings also deserve a comment, since contradictory results have been published on Ids expression in tumor tissue. Yang et al. 42 investigated the expression of Id-1, Id-2, Id-3, and Id-4 proteins in breast carcinoma and 22 normal specimens by immunohistochemical and described only cytoplasmic sign, although examining carefully the histologic illustrations in the paper, we can observe Nuclear and cytoplasmic Id-1 immunoexpression are also evident in tumors illustrated by Ponz-Sarvis et al. 37 who found significantly higher Id-1 protein levels in lung tumors compared with normal tissues and in squamous carcinomas compared with ADC s. Our findings about nuclear and cytoplasmic Ids sign coincide with Rothschild et al. 38 work, who described Id-1 expression in the nucleus of 70% of squamous cell carcinomas and 50% of non-squamous cell carcinomas, although vascular endothelium of tumor and non-tumor tissue was negative. By IHC staining, we similarly found that sign of all three proteins was significantly increased in the cytoplasm and nucleus of the malignant cells comparing to the marginal normal tissue. Whereas Id-2 and Id-3 were expressed in higher levels in the cytoplasm of the malignant cells, nuclear and cytoplasmic Id-1 were not statistically different. The cytoplasmic immunostaining of Id-2 and Id-3 protein within ADC cells was similar to some other cancer cells such as prostate, 11 breast, 12 gastric, 13 and uterine cervical. 15 A similar increase was also found in levels of Id-2 and Id-3 by Kamalian et al. 34 on 26 pairs of lung tissues from small cell carcinoma (SCC). They also found that all three Id proteins were overexpressed in cytoplasm of the malignant cells, whereas in nuclei of SCLC cells, Id-1 expression was significantly reduced. In another words, the increased cytoplasmic expression of Id-2 and Id-3 significantly correlated with the malignant features of lung specimens. On the other hand, we also observed that the expression of Id-3 in the nuclei of the ADC cells was reduced. Therefore, not only the level of Id-3 expression but also the pattern of its spreading was associated with the malignant changes of the lung epithelial cells. Further investigation is needed to comprehend the biological significance of both the increased level and the different localization of Id-3 in malignant changes of the ADC cells. For Id-2 localization it has been reported that it is different among different cancers. For example, in prostate cancer, Id-2 is expressed in both cytoplasm and nuclei, 11 whereas in pancreatic carcinoma, it expressed only in the cytoplasm. 32 However, in squamous cell carcinoma 14 and cervical cancer, 15 its expression was confined to nuclei only. In this work, we found that Id-2 is expressed predominantly in the cytoplasm of the ADC cells. It is not clear whether the different distribution patterns observed in different types of cancers relate to different roles played by increased Id-2. Similar differences in distribution patterns among different cancer types were also observed in Id-3, which was cytoplasmic in prostate cancer 11 but nuclear in squamous cell carcinoma 14 and cervical cancer. 15 The results in this work showed that Id-1 in both cytoplasm and nuclei of the ADC cells was significantly increased compared to marginal normal lung, but the intensity of nuclear expression was similar to that in cytoplasm, indicating that similar amount of Id-1 protein concentrated in nuclei and cytoplasm probably function associated as a cancer promoter.
In agreement with Ponz-Sarvis et al., 37 our analyses showed a significantly higher expression of Id-1 protein in ADC tissue compared with normal lung tissue. Unexpectedly, Bhattacharya et al. 33 showed significantly lower Id-1 mRNA expression levels in ADC and matched normal but no IHC staining was performed to confirm the 34 conducted an investigation in malignant cell lines from small cell lung cancer and found that Id-1 gene was up-regulated. Although a potential post translational regulation of Id-1 cannot be refused, no other studies on Id-1 mRNA levels in non-small cell lung cancer samples are available but several reports in other tumors have shown Id-1 overexpression in neoplastic tissue at the mRNA level. 45 Interestingly, we have also found that high levels of tumor with Id-1,2 were associated with higher fractions of angiogenesis in the tumor stroma. The highly overlapping expression of Id-1, Id-2 and angiogenesis claiming for a functional role of these Ids in signaling pathways such as the via PI3K/Akt and NF-kB/MMP-2 signaling pathways. 46 The statistically significant correlation of Id-1 and Id-2 with cytoplasmic Ids expression in all samples of our study supports this statement.
Our results have impact on clinicopathological characteristics of the patients. Id-2 and Id-3 protein were up-regulated in larger tumors, while Id-1 protein expression tended to be lower. Interestingly, a higher Id-3 protein expression in lung ADC suggested metastatic potential of the malignant cells to lymph nodes. Kaplan-Meier survival curves showed an inverse correlation between Id-1 and Id-3 proteins, and DFS and OS. Angiogenesis also showed a negative relationship with DFS and OS. In fact, Cox model analyses controlled for age and lymph node metastasis showed that Id-1, Id-3, and angiogenesis were independent variables associated with survival time, and allowed the division of patients into two groups with distinctive prognosis. Those with Id-1 >497 or Id-3 >590 and angiogenesis >24.3% had a higher risk of death. Taken together, these data showed that the differentially expressed Id proteins overlapped to angiogenesis were involved in the neoplastic transformation and progression of lung ADC. It suggests that Id protein may serve in the long-term survival expectation in this study. Our findings warrant further studies to investigate the exact mechanism by which Id proteins are involved in lung ADC and pathogenesis. We conclude that Id-1,3 are extensively expressed in lung ADC tumors and it may represent an independent novel prognostic factor among patients with ADC histology. This result deserves further investigation of Id-1,3 expression in prospectively designed clinical trials. Moreover, Id-1,3 contributes to ADC cell proliferation and angiogenesis and may be crucial for adjuvant treatment indication. Thus, Id-1,3 represents new potential drug target candidate to be evaluated in the development of new antineoplastic agents for personalized therapy in lung ADC.
